Male common shrews (Sorex araneus) adopt two discrete mating tactics. The most successful males, in terms of number of offspring fathered, are those that establish large overlapping home ranges in areas of high female density early in the breeding season. An alternative, less successful mating tactic is to travel long distances in search of mating opportunities. This study is an investigation of correlates of reproductive success for males adopting these different mating tactics. Reproductive success under natural conditions was assessed using DNA fingerprinting, and survival of offspring was monitored in the field. The number of offspring fathered by males with overlapping home ranges was positively correlated with the number of female ranges overlapped during the breeding season and widi testes mass. The number of offspring fathered by males diat made long-distance movements was positively correlated with their epididymal sperm counts. It is argued that competitively superior (overlapping) males achieve high reproductive success by competing to maximize the number of females inseminated, whereas those adopting an alternative mating tactic instead compete largely via sperm competition, aiming to maximize insemination success with any particular female. There was no significant difference in the fluctuating asymmetry (FA) of males adopting different mating tactics (FA was measured as the difference in length of the paired lateral scent glands). Fluctuating asymmetry was not related to die number of offspring fathered by males adopting either mating tactic, but was significantly correlated with die proportion of male offspring fathered that survived to sexual maturity. Although apparendy not correlated with mating success in diis species, FA may reflect some aspect of genetic quality that affects offspring survival.
T he extent and cause of variation in male reproductive success is well documented for a number of large polygynous mammals [e.g., red deer, (Cervus elaphus; CluttonBrock et al., 1988) , northern elephant seals (Mirounga angustirostrisr, Le Boeuf and Reiter, 1988) ]. Correlates of reproductive success in diese species generally reflect the high levels of competition by direct combat associated widi harem polygyny (Clutton-Brock, 1988) . Odier forms of male competition, notably sperm competition, may favor different phenotypic traits, but die relationships between these and male reproductive success are less well understood. Bercovitch (1989) , for example, has looked for, but failed to find any relationship between male mating success and testes size in baboons (Papio cynocephalus anubis).
At least two factors complicate studies of correlates of male success under sperm competition. First, as Bercovitch (1989) noted, variation in the number and timing of copulations achieved by each male is likely to override variation in ejaculate size, and number and timing of copulations will usually depend on odier factors, such as dominance. Second, relationships between reproductive success and characters such as testes size or sperm count may be masked due to intraspecific variation in relative investment in spermatogenesis. Recent theoretical modeling and comparative analyses suggest diat males mating in disfavored roles widi respect to sperm com-petition may attempt to compensate for diis in some circumstances by producing more sperm (Parker, 1990a,b; Stockley and Purvis, 1993) . Since less successful males may invest proportionately more in spermatogenesis but still achieve relatively few fertilizations, a linear relationship between testes mass or sperm numbers and success in sperm competition is unlikely to emerge across all males in the population. One way around these problems is to examine relationships between sperm numbers or testes size and fertilization success among males mating in similar roles. That is, males adopting similar mating tactics should achieve broadly similar mating opportunities and might be expected to invest similarly in spermatogenesis.
There has also recendy been much interest in fluctuating asymmetry (FA) as a correlate of male reproductive success. FA, a measure of developmental instability, can serve as an indicator of individual genetic fitness (reviews in Mailer and Pomiankowski, 1993; Watson and Thornhill, 1994 ). An indirect relationship between FA and reproductive success may be predicted because fitter males are better competitors (or are preferred by females) and are also more symmetrical. In some cases, symmetry may actually be used by females as an indicator of male quality (i.e., females may prefer as mates males widi symmetrical traits), such that FA is direcdy related to reproductive success. Studies of FA and reproductive success in mammals have so far been confined to large group-living species and have produced conflicting results [e.g., lions {Panth-era leer. Packer and Pusey, 1993) , oribi (Ourebia ourebi, Arcese, 1994) ].
Here we describe correlates of male reproductive success in a solitary and promiscuous small mammal, die common shrew {Sorex araneus). This species differs from most other mammals studied in detail to date because females are asocial and relatively widely dispersed. Relationships are described between reproductive success (die number and survival of off-spring fathered), and the body size, testes size, epididymal sperm count, and degree of fluctuating asymmetry of males adopting different mating tactics.
METHODS

Study species
Female common shrews generally occupy individual home ranges during the single March-September breeding season of their lives, although these overlap to varying degrees in high density populations (Michielsen, 1966) . Female common shrews are among die most promiscuous female mammals studied to date. The average number of fadiers per litter in a high density population was 3.3 ± 0.5 widi a maximum of six . Moreover, female common shrews are receptive for a very short period (about 2 h; Dehnel, 1952) . It may be inferred therefore, diat, at least in relatively high density populations, sperm competition occurs very frequently. In support of diis inference, male common shrews have relatively large testes for their body size, which is characteristic of species in which sperm competition is likely to occur (Kenagy and Trombulak, 1986) .
Two distinct patterns of mate searching behavior have been described for male common shrews in high density populations (Stockley et al., 1994) . Some males established large nonexclusive ranges in areas of relatively high female density (the ranges of females in high density areas were typically overlapped by three or four males). Hereafter, these males will be referred to as adopting an "overlapping" tactic. Most other males retained their exclusive juvenile ranges and made repeated long-distance visits to more dispersed female ranges around die time of first estrus. This will hereafter be referred to as a "nonoverlapping" tactic. DNA fingerprinting analyses revealed that males adopting die overlapping tactic fadiered significandy more offspring than those adopting die nonoverlapping tactic. Males adopting the nonoverlapping tactic, however, had significandy higher epididymal sperm counts dian die more successful, overlapping males (Stockley et al., 1994) .
The common shrew exhibits litde sexual dimorphism (Searle, 1985) . The most obvious secondary sexual characteristics are die paired lateral scent glands, situated on the flanks on each side of die body (Crowcroft, 1957; see also Jannett, 1986) . These develop into large active structures at sexual maturity in die male (but not the female) producing a characteristic odor. The lateral glands are believed to play an important role in communication during the breeding season, but their precise function is uncertain (Burkitt, 1993; Skaren, 1973) . However, given die significance of odor perception in communication, it is possible diat symmetry of die lateral glands (or die scent trails diey leave) might be used by female shrews to assess die relative genetic quality of potential mates. Alternatively, FA of die lateral glands may reflect overall genetic healdi, and may dierefore be indirecdy correlated widi reproductive success (e.g., see Meller and Pomiankowski, 1993; Watson and Thornhill, 1994) .
Field studies
Field studies were conducted during March and April of 1991 and 1992 in a 2 ha area of undisturbed scrub grassland adjacent to Brasenose Wood, Oxford, UK (Ordnance Survey grid reference: SP55 7/056). Individual movements during die breeding season, and the relative position of home ranges, were determined by die CMR mediod (capture, mark, release, and recapture). Note diat aldiough common shrews are too small to track using radio transmitters, diey are readily captured in Longwordi traps, and trapping data corresponds well widi other, nonrestrictive methods for estimating dieir movements (e.g., Stockley, 1992) . A total of 100 Longwordi traps were baited widi puparia of Calliphora (killed by freezing; see Litde and Gurnell, 1989) . Eighty-five traps were placed at 10 m intervals in a grid across each half of die site during alternate 5 day trapping periods. The remaining 15 traps were placed in lines at 10-20 m intervals in areas bordering die field site. The traps were open between approximately 0730 and 1830 h each day and checked at 1-2 h intervals.
Each common shrew captured was sexed and marked by toe and tail clipping (approximately 2-3 mm) before release. Tissue was retained from die marking procedure for paternity analysis. On each subsequent recapture of marked individuals, the trap position was recorded and die animal was weighed. The site was trapped as before for a furdier 4 days during May, approximately 2 weeks after females' first estrus, and all individuals captured were removed from die study site. Males were killed following 5 days of isolation in captivity [intended to allow for die possibility diat differences in dieir recent mating activity might influence sperm counts, aldiough it is unlikely that much mating had occurred up to a week prior to capture due to local synchrony in die timing of estrus (Searle, 1984b; Stockley, in press) ]. Cleaned body mass (stomach and intestines removed) and paired testes mass (excluding epididymes) were recorded for each male, and epididymal sperm counts were performed after die mediod of Searle and Beechey (1974) . Sperm counts were multiplied by 10~5 for ease of data presentation.
The lengdi of each of die paired lateral glands was measured to die nearest 0.1 mm. FA was calculated as absolute asymmetry, that is, the difference between die lengtii of the right and left lateral glands. Repeated measures ANOVA confirmed significandy greater variance in die signed difference in lengdi between left and right lateral glands of different subjects dian between repeated measures on the same subject (F= 5.01, df = 13, p = .0025). Nonparametric statistics were used to analyze relationships between fluctuating asymmetry and measures of reproductive success (see Swaddle et al., 1994) .
Trapping data were used to plot movements of marked individuals onto a map of the study site. Females' ranges were oudined by joining togedier die outermost points of capture (convex polygon mediod). Males were classified according to dieir movements as eidier nonoverlapping (small discrete ranges and repeated long-range movements to female ranges) or overlapping (large nonexclusive ranges overlapping widi several female ranges) (Stockley et al., 1994) . The number of females' ranges covered by the movements of each overlapping male was counted.
Females were maintained in outdoor enclosures until dieir litters were weaned (for details of die maintenance of common shrews in captivity see Mercer and Searle, 1994; Searle, 1984a) . Weaned offspring were individually marked as above, and tissue resulting from the procedure was retained for paternity analysis. On die first day of weaning, females and dieir offspring were returned to die study site at die point of dieir original capture. In March and April 1992, die site was trapped as before in order to establish survivorship of marked young released die previous year. This was done by trapping all individuals present on die study site and assuming diat diose not captured had not survived. Since all common shrews widiin an area are typically captured widiin die first 4 days of intensive trapping (Pernetta, 1977) , we are confident diat all individuals present on die study site at diis time were caught. Of die individuals released during 1991, it is unlikely diat many had dispersed out of die range of die trapping grid. Common shrews generally do not disperse more dian 30-60 m before reaching sexual maturity in die spring of die year following their birth. However, as a precaution, at the same time as trapping on the main study grid, 80 additional traps were placed at 10 m intervals in areas adjacent to the study site up to 80 m away. This distance is greater than mean dispersal distances previously recorded for common shrews (Searle JB and Reilly AJ, unpublished data) , and no marked animals released the previous year were captured in areas outside the main study site. Any individual released in the summer of 1991 but not recaptured the following spring was therefore assumed to have died [in agreement with Churchfield (1980) , this assumption leads to an estimated mortality rate for young shrews of around 65% between weaning and sexual maturity].
DNA fingerprinting
Paternity of offspring was determined using the method of multilocus DNA fingerprinting with minisatellite probes (Jeffreys et al., 1985) . Briefly, DNA was extracted according to Stockley et al. ( , 1994 and was digested with an excess of HaeUl restriction endonuclease (30 units) in the presence of 4 mM spermidine trichloride, for 3-5 h at 37°C. DNA derived from muscle tissue was extracted once with phenol/ chloroform iso-amyl alcohol (25:24:1) and recovered by ethanol precipitation. All samples of digested DNA were washed with 70% ethanol, pelleted, vacuum dried, and redissolved in ultrapure water. Electrophoresis of DNA fragments was performed in 0.8% agarose gels for approximately 72 h at 1.5 V/cm and DNA was transferred to Zetaprobe GT nylon membranes (Biorad, UK) by Southern blotting (Southern, 1975) .
Filters were prehybridized in 0.26 M sodium phosphate, pH 7.2, 1 mM EDTA, 7% SDS, and 1% bovine serum albumen, fraction V (Sigma, UK) for 3 h at 65 D C. One hundred nanograms of 33.15 probe DNA (human minisatellite clone; Jeffreys et al., 1985) were 32 P labeled by the random primer method Vogelstein, 1983, 1984) . Hybridizations were incubated in a Hybaid oven at 65°C for 24-48 h. After overnight hybridization, filters were washed at 65°C, once for 15 min in 0.25 M NaHPO 4 , 1% SDS solution, twice for 25 min in 2X SSC, 0.1% SDS solution, and two or three times each for 25 min in IX SSC, 0.1% SDS solution, or until controls reached background levels of radiation. Probed filters were wrapped in Saranwrap, placed on Kodak X-Omat film in X-ray cassettes and exposed for 1-21 days at -70°C with one or two intensifying screens.
Methods of scoring fingerprints are described in detail elsewhere (Stockley et al., , 1994 . Briefly, DNA fingerprints were scored by marking the location of each band on acetate sheet overlays. After scoring for a pair of lanes, the coefficient of band sharing D = 2A r lb /iV, + A r b was calculated, where N^, is the number of fragments shared by both lanes a and b, and A', and A^ are the number of fragments found in lane a or b, respectively (Westneat, 1990; Wetton et al., 1987) . There is no evidence of strong linkage in common shrew fingerprints Tegelstrom et al., 1991) . A male was identified as the father of a juvenile using two criteria: (1) when a male had all, or all but one, of the nonmaternal bands of the juvenile, and (2) when the band share coefficient between a male and a juvenile was in the range found for mother-offspring pairs (e.g., see Galbraith et al., 1991; Westneat, 1990) . Assuming no linkage between bands, a crude estimate of the probability of falsely identifying a male as the father of a juvenile on the presence of paternal bands is 9 X 10"". A potential source of inaccuracy arises if males competing for paternity are closely related. The probability of finding two full sibs with the paternal bands appropriate for a specific juvenile is (0.1 + 0.5) 11 -5 or 0.03%. However, criteria for assigning paternity did not rely on paternal bands alone; Relationship between epididymal sperm count X 10~5 and number of offspring fathered for male common shrews adopting a nonoverlapping mating lactic (simple least square linear regression, F i3 = 8.82, r> = .50, p< .05).
the father also had to have a band share coefficient with the juvenile within the range found for mother-offspring pairs.
RESULTS
Paternity analysis
Fingerprints were produced in which individuals had between 10 and 31 reasonably spaced bands scoreable down to at least 2 kilobases (mean ± SE number bands scored per individual was 19 ± 0.3, n = 172). The mean coefficient of band sharing (2N ab /N, + N h ; Wetton et al., 1987) for individuals assumed to be unrelated (see Stockley et al., , 1994 was 0.10 ± 0.01. Paternity was assigned in the case of 54 individual offspring out of 59 from nine litters for which successful DNA fingerprints were produced. In die case of five of these individual offspring, the males identified as fathers had been captured before on die site, but there were insufficient data to classify their mating tactics.
Offspring survival
Twenty eight (34%) of the 83 marked offspring released onto the study site were recaptured the following spring. For individual males, the number of offspring fathered that survived to sexual maturity varied between zero and six.
Relationships with sperm count
There was a significant positive relationship between die sperm count of nonoverlapping males and the number of offspring fadiered (Figure 1 ). There was no relationship between sperm count and the number of offspring fathered by overlapping males (simple regression, n = 8, F, 6 = 0.15, J 2 = .02, p > .70). Sperm count was not significantly related to the number of surviving offspring fathered by males adopting either tactic (simple regression: nonoverlapping: F i9 = 2.22, I s = .20, p > .10; overlapping: F, 6 = 0.46, 7 s = .07, p > .50).
Relationships with testes mass
For overlapping males diere was a significant positive relationship between the number of offspring fathered and testes 210 220 230 240 250 260 270 280 290 300 310 testes mass (mg)
.5 1 1.5 2 2.5 3 3.5 4 4.5 female ranges overlapped Relationships between (A) testes mass (combined, excluding epididymes, milligrams) and number of offspring fathered (simple least square linear regression, F 1Jt = 7.22, T 1 = .55, p < .05) and (B) number of female ranges overlapped and number of offspring fathered (F lfi = 6.41, 7 s = 0.52, p < .05) for male common shrews adopting an overlapping mating tactic. mass (Figure 2A) , and with the number of female ranges overlapped early during the breeding season ( Figure 2B ). Testes mass and the number of female ranges overlapped were also significantly positively correlated (r = .8, p < .01). However, neither testes mass nor the number of female ranges overlapped affected offspring number independently of one another (multiple regression analysis: F^ = 3.61, p > .10). No significant relationship was found between testes mass and the number of offspring fathered by nonoverlapping males (simple regression, F tg = 2.53, J 2 = .22, p > .10). Moreover, testes mass was not significantly related to epididymal sperm count among males adopting either tactic (nonoverlapping: F lg = 0.41, J 2 = .04, p > .50; overlapping: F XA = 0.05, J 2 = .01, p > .80), and accounted for only 10% of its variation among all Relationships with body mass There was no relationship between cleaned body mass and the number of offspring fathered for males adopting either tactic (nonoverlapping: F, 9 = 0.32, T 2 = .03, p > .50; overlapping: ^i,6 = 0.01, i 3 = .001, p > .90), or for both groups combined (Figure 3) . For all males, testes mass was significantly positively related to cleaned body mass (F ls3 = 4.74, r* = .17, p < .05) but sperm count was not (F 14a = 0.91, I s = .04, p > .30). There was no significant relationship between cleaned body mass and the number of surviving offspring fathered by males adopting either tactic [nonoverlapping: F l9 = 4.63, T 2 = .34, p > .50 (in a negative direction); overlapping:
Fluctuating asymmetry There was no evidence of directional asymmetry (Van Valen, 1962) in the lateral glands; the character demonstrated FA because the frequency distribution of right minus left values did not differ from a normal distribution with a mean of zero (skewness = 0.49, z = 1.00, p > .15; kurtosis = -0.85, z = 0.87, p > .15; t test df = 24, sample mean = 0.07 ± 0.16, t = 0.43, p > .60). Although nonoverlapping males had higher mean lateral gland FA values than overlapping males, the difference was not statistically significant (Mann-Whitney test U = 26, z = -1.49, p > .10). Fluctuating asymmetry of the lateral glands was not significantly correlated with the number of offspring fathered by males adopting either tactic (Spearman rank correlation: nonoverlapping; n = 11, r, = .36, p > .20; overlapping; n = 8, r, = -.21, p > .50), or for both groups combined ( Figure 4A ). However, for all males on the study site that fathered one or more offspring, there was a significant negative relationship between FA of the lateral Relationships between absolute fluctuating asymmetry of the lateral scent glands (FA) and (A) number of offspring fathered (n = 19, r, = -.09, p > .70), and (B) proportion of offspring fathered that survived to sexual maturity (n = 13, r g = -.68, p < .02) for all males on the study site.
glands and the proportion of offspring fathered that survived to sexual maturity ( Figure 4B ). Packer and Pusey (1993) reported a significant negative correlation between FA and survival in male lions, but found the opposite result for females. We therefore broke down offspring survival to look for sexrelated patterns. Note that data have been combined for overlapping and nonoverlapping males because there was no significant difference in FA between males adopting different mating tactics, and sample sizes become prohibitively small (five or fewer) when considering tactics separately. Results show a significant negative relationship between paternal FA and the proportion of male offspring surviving to sexual maturity (n = 10, r, = -.67, p < .05), but the relationship is lost when considering female offspring alone (n = 10, r, = -.04, p> .90).
Fluctuating asymmetry of the lateral glands was not significantly related to cleaned body mass (r s = -.28, p > .15) or mean length of the lateral glands (r, = -.23, p > .20) among males in this study.
DISCUSSION
Results of this study show that correlates of reproductive success differ for male common shrews adopting different mating tactics. The number of offspring fathered by males adopting an overlapping tactic was positively related to their testes size and to the number of female ranges their movements overlapped. The number of offspring fathered by males adopting a nonoverlapping tactic was positively related to their epididymal sperm counts. The correlates of reproductive success for males whose movements overlap with female ranges suggest that they are competing to maximize the number of females to which they have simultaneous access during the breeding season. Female common shrews in any given area are highly synchronous in the timing of their receptivity (Searle, 1984b; Stockley, in press) , which, coupled with the relatively short duration of estrus (about 2 h; Dehnel, 1952) , means it could be difficult for males to mate with many different females. The most successful overlapping males in this study (in terms of number of young fathered) were those whose movements early during the breeding season overlapped with the most female ranges. A similar mating pattern is found among Belding's ground squirrels {Spcrmophilus beldingt) in which males fight for dominance in areas of high female density (Sherman and Morton, 1984) . The number of offspring fathered and the number of female ranges overlapped were each also related to the testes mass of overlapping males in this study. Mammalian testes produce steroid hormones, and their size can sometimes reflect dominance (e.g., Bell, 1983) . In a study of mating success in red-backed voles (CUthrianomys rufocanus), Kawata (1988) also found that the number of female ranges overlapped by males was positively correlated with testes mass. It is interesting to note that testes mass was not significantly correlated with sperm production among the shrews in this population. A similar finding has been reported by Moreira et al. (in press) for capybaras (Hydrochaeris hydrochatrris), a species with a very high percentage of nonspermatogenic tissue. It is possible therefore that testes mass may instead be more closely correlated with levels of androgen production in male shrews, although no significant difference exists in the testes size of males adopting different tactics (Stockley et al., 1994) .
The relationship between sperm count and number of offspring fathered by nonoverlapping males suggests that these less successful individuals may be competing largely via sperm competition. Such a relationship would be predicted if sperm competition proceeds along the principles of a raffle or lottery (e.g., Parker 1984) , and if nonoverlapping males experience similar mating opportunities. This is the first demonstration of a direct correlation between sperm count and insemination success under sperm competition in a natural population [eight out of nine litters were multiply sired and ejaculates of different males would have occurred together in the female tract since repeated matings occur rapidly within a short estrous period (Dehnel, 1952)] . No similar relationship was found for overlapping males. These results may therefore explain why nonoverlapping males have significantly higher sperm counts than overlapping males (Stockley et al., 1994) . That is, it is possible that some flexibility in sperm production has been selected for in association with mating tactics because higher sperm counts are a more important determinant of reproductive success for nonoverlapping than for overlapping males. There are, however, other potential explanations for the difference in sperm counts observed be-tween overlapping and nonoverlapping males that remain to be investigated. It is possible, for example, that overlapping males suffer stress due to intense interactions with other males, which could result in lower sperm counts.
No significant relationship was found between the number of offspring fathered that survived to sexual maturity and the sperm counts or testes mass of males adopting either mating tactic. However, neither of these characters are likely to have a direct influence on offspring survival. Rather, an indirect relationship might be predicted based on the relationship between testes size or sperm count and the number of offspring fathered by overlapping and nonoverlapping males, respectively. Overall the relationship between the number of offspring fathered and the number that survive to sexual maturity 15 highly significant (Stockley P, unpublished data) . However, several confounding variables are involved in determining offspring survival. These include, for example, the degree of relatedness between parents and offspring body weight at weaning . Hence, the lack of significant correlation between testes size or sperm counts and offspring survival in a study of this scale does not necessarily imply that no selection is taking place, but rather suggests some influence of confounding variables.
No relationship was found between FA in the lateral glands of male shrews (a likely sexually selected trait) and mating success (number of offspring fathered). Hence, it appears unlikely that female choice is exercised with respect to FA of the lateral glands. If an indirect relationship exists between FA and mating success (for example, if symmetrical males are generally fitter and are also better competitors), we were unable to detect this correlation. There was no significant difference, for example, between the FA of males adopting the different mating tactics described, which are associated with differing levels of mating success (Stockley et al., 1994) . Our results contrast with studies of other taxa in which correlations between FA and success in contests, or female mating preferences, have been demonstrated [e.g., dungflies {Scatophaga strrcoraricc, Liggett et al., 1993) ; scorpionflies (Panorpa japonica, Thornhill, 1992) ]. We conclude therefore that the factors influencing mating success of male common shrews are complex, and may depend partly on chance environmental effects (or "silver spoon" effects; Grafen, 1988) as well as genetic fitness. If so, then a much larger study population would be required to detect an indirect correlation between FA and mating success.
Although no relationship between FA and mating success was apparent among male common shrews, we did find a significant correlation between male lateral gland FA and offspring survival. That is, among males that sired any offspring, the proportion surviving to sexual maturity was negatively correlated with paternal FA. When split according to sex of offspring, this effect holds only for males. That is, male offspring of fathers with low FA were more likely to survive to sexual maturity. Packer and Pusey (1993) found that male lions (but not females) with low FA were likely to live longer. Our results for males are consistent with those of Packer and Pusey (1993) , and suggest also a heritable fitness ads-antage associated with low FA among shrews. Such an effect may reflect disadvantageous alleles that are passed on to offspring. It is unclear, however, why a negative relationship should exist between FA and survival for males but not for females.
Finally, unlike many other mammals [e.g., tassel-eared squirrels (Sdurus aberti ferreus, Farentinos, 1972) ; elephant seals (Mirounga angustiroslris, Le Boeuf, 1974)], reproductive success was not significantly related to body mass among male common shrews. Given that fighting for access to estrous females probably does occur under natural conditions (males often bear injuries during the breeding season; Stockley P, personal observation), this result is unusual. However, it is also consistent with studies of common shrews in captivity. For example, Hanski et al. (1991) found no correlation between body mass and success in staged agonistic encounters between common shrews. The competitive advantage of overlapping males may instead be related to their early occupation of female ranges. Prior residence is an important factor determining the outcome of aggressive interactions between common shrews in captive encounters (Barnard and Brown, 1982) .
